
, -. 

' M 6 9 - 2 7 3 3 1  

E V A L I J A T I O N  A N D   C A L I B R A T I O N   O F   S O M E   E N E R G Y  
S O U R C E S  F O R  T H E   V I S I B L E   A N D   N E A R   I N F R A R E D  
R E G I O N S  O F  T H E   E L E C T R O M A G N E T I C   S P E C T R U M  

A: W .  M c C u l l o c h ,  et  a 1  

G o d d a r d   S p a c e - - F l i g h t   C e n t e r  
G r e e n b e l t ,   M a r y . l a n d  



._ . . 
, a  

REPORT 

selection aids 
Pinpointing R & D reports for indurrt7.y 

Clearinghouse, Springfield, Va, 22151 

Urns, GOVERNMENT RESEARCH AND DEVELOPMENT REPORTS (USGRDR~--SEMI-MONTHLY 
JOURNAL  ANNOUNCING  R&D  REPORTS.  ANNUAL  SUBSCRIPTION $30.00  ($37.50 FOREIGN 
MAILING).  SINGLE  COPY $3.00. 

U-S, GOVERNMENT RESEARCH AND DEVELOPMENT REPORTS INDEX-SEMI-MONTHLY 
INDEX TO U.S. GOVERNMENT  RESEARCH  AND  DEVELOPMENT REPORTS. ANNUAL 
SUBSCRIPTION $22.00 ($27.50 FOREIGN  MAILING).  SINGLE  COPY $3.00. 

FAST ANNOUNCEMENT SERVICE---SUMMARIES OF SELECTED R&D REPORTS COMPILED AND 
MAILED  BY  SUBJECT  CATEGORIES.  ANNUAL  SUBSCRIPTION $5.00, TWO YEARS: $9.00, 
AND  THREE YEARS: $12.00. WRITE  FOR AN APPLICATION FORM. 

DOCUMENT PRICES”-ALMOST ALL OF THE DOCUMENTS IN THE CLEARINGHOUSE COLLECTION 

COUPONS-THE CLEARINGHOUSE PREPAID DOCUMENT COUPON SALES SYSTEM FOR 

ARE  PRICED  AT $3.00 FOR  PAPER COPIES  AND 65 CENTS  FOR COPIES I N  MICROFICHE. 

SERVICE ON DOCUMENT REQUESTS. THE  PREPAID COUPON IS A TABULATING  CARD 
PURCHASING  PAPER COPIES  AND MICROFICHE  PROVIDES  FASTER, MORE EFFICIENT 

WITH A FACE  VALUE OF THE  PURCHASE  PRICE  OF A CLEARINGHOUSE  DOCUMENT 
($3.00 PAPER  COPY  OR 65 CENTS  MICROFICHE). IT IS YOUR  METHOD OF  PAYMENT, 
ORDER FORM, SHIPPING  LABEL,  AND  RECEIPT  OF  SALE. 

COUPONS FOR  PAPER  COPY  (HC) DOCUMENTS ARE  AVAILABLE  AT  $3.00 EA‘CH OR IN 
BOOKS OF 10 COUPONS FOR $30.00. COUPONS FOR  MICROFICHE  COPIES OF CLEARING- 
HOUSE DOCUMENTS ARE  AVAILABLE  IN BOOKS OF 50 COUPONS FOR $32.50. WRITE 
FOR A  COUPON ORDER FORM. 

U. S. GOVERNMENT  PRINTING OFFICE : 1969 0 - 353-085 



GODDARD SP..\CE FLIGHT CEKTER 
Creen!,rlt, b l a q l a d  

. .  

p. 



A .  THE RLACKBODS 

. . .  

1 . .  



E%- 

Hcnce a chmge in total radiirtion m.ty he produced  either 11 .y  3 change in ernis- 
s iviv,  or by a  change in temperanarc. For equal percenhgc chxnges in 1 or . , 
thc total radiation will change  four times much with tempcratnrc as  with 
emissivity. At nmbient tempersture f200 K) ;I chxnge in emissivity o r  one per- 
cent  produces  the sIme change in tu td  rildiation as a &ugc u1 tcmprature of 
3/4'. (Ref. 1). 

Tw-o comnlerchlly made sources wbosc- emissivities :we c!aimccl to be 
.UY 2.01 independent of wavelength havc  bcen  used Ln the  imestigxtions  being 
reported. Both nre dcs iped  to operale  at a maximum temperature of 1OOO'C. 
One of these ~116 made by Barnes Erqineerfng Co. It h a s  a ser ies  of apertures 
ranging  in  diameter from 0.2564'' down to .00R1". The sizes are  chosen  to 
provide equal m a  increments.  The  second blackbody was made by Infrared 
Industries. It has a variable  aperture, w i t h  a maximum svailnblc diameter 
of 0.G". 

Both of these  blackbodies have the  disadvantage of not having  a  provision 
for  maintaining the face  plate (and aperture! a t  ambient  temperature.  The Infm- 
red  Industries blackbody is somewhat better fn this  respect  than the Barnes 
source  since It has a double lace  plntc, the inner-one beIng made of nsbestos. 
Thus its  temperature is only ten  to Liftecn degrees  &ore  ambient  temperature. 

The  cavity  temperature of the  blacbodies \vas checked by means 01 a 
platinum-plathrn  plus 1% rhodium thermocouple and also by means of an 
optical  pyrometer  in the case of temperatures .above SOOC. The apfrnues 
were measured by means of it measuring  microscope. 

I t  i s  obviously  advantageous  to use black body radiation  for  calibration 
purposes  since, If one has a reliable  determination of its  temperature and 
aperture  size,  the total as well as the  spectral d i s t r h t i o n  of the  emittcd  energy 
is well known. A disadvantage is that t h c  total e n c r 3  of thc currently  available 
sources is somewhat low due  to an uppcr  tempcrxturc of 1OOO'C. This  problem 
can be corrected in later investigations when a recent.:p acquired 3000-C black- 
body is placed in operation. 

The t o l d  effective  radiance. 5,  radiated by one square  millimeter pf!r unit 
solid angle normal  to  its surface in thc spccificd wa\-elen@h region x35 de- 
termined by evaluating  the  expression 
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amount (less Ulnn 1 0 ~ : )  to  thc  total  vnerg. l~rnittetl LhrouGll the qturlz v:intlou.s 
of the threc  spocifie Innlps ~ut l ic t i .  Hcncr  the proh:;blc mror i n  the nddi- 
tional  energy w i l l  certainly he less thm the *57 In:Lxi!num er ror  nvernped 
over  the  entire  Fpertral r:tnce clzimetl b! thc S.n.S. for their  calihration o f  the 
tunEsten  ribbon  lamps. 

'The above procedure \<as inilinll;: a u r k e d  uu! tsy 11. P.  Thrkackar? of Goddard's 
Tcst and Evaluation  Division. I t  !vas extender1 nnd uscd hy E. I .  XIohr. A 
number of lamps In thc 1'. nnd E. Division m d  thc  lamps EU23.i (a: 35 
amps), E135 (at 30 nmps) :uld El%:, (:It 25 nmps) of the P1anct.m-y Radin- 
tions  Branch  were  evaluntrd for total r3di:tnce usine this method during  the 
winter of 1963-64. 

C. QU.4RTZ-IODISE LAMPS  (ST.iXD.4RlX OF SPECTRAL IRR,OI;\S'CE) 

Quartz-iodine  lamps (Rrf. 5 :tnd Ifcf. f;) have  several  cl1ar:tcteristics which 
make  them  superior to conventio!ul  tungsten  lamps. B c c a ~ s e  of the  presence of 
a trnce of iodine gas in the bulh actlng as R "trnnspor: ulcchanism" to rcturn the 
evaporated  tungsten to the fdunent ,  it may he  owrated nt a much higher  tem- 
perature than  conventional lamps. h :xldition, the resi&mce oI the quarts  
envclope to high tempxaturcs  makes it possihlc to make a morc  compact  lamp 
for a given  power  rating.  Cccause of its  convenient  size m d  other  advanbges ns 
noted  above, it Is quite  suited AS a s t a u h r d  of spectral  irradimce (Ref. '7). 

.4s with the ribbon  Iihment  sources, in order to use the  quartz-iodine lamps 
'1s secondary  standards of tou1 mdwmcc. it is nrcessary to edcnd the  values of 
thc spectral   irradimcc providcd 11y thv S.U.S. into thc infnred  region by chtra- 
polltion. In addition. for wavelengths g r a t e r  than 3 nl~crons.  the hot riunrtz 
envelow  begins to contribute 3 significant  amount of emittcd  energy  to  the  total. 
This problem  was  investigated by E .  I .  llohr  under  the  dircction of A I .  P. 
Thekaekara  during  the  wintcr of 1964-19rJ5. A complete  report of this  work is 
$yen in thc 1965 Summer  s\'urksh*lp Report (Ref. 9). .A furthcr  ev:ll~~ation of 
those results  is  prcscnted in the ncx: sectic~n. 

1. General 

X report on the  studies  made on the applicability o f  quartz-loclule  lamps as 
secondary  standards of to td  racli:mcc \\AS rcicrretl t u  aboic fl!cf. >I. In this 
study, the cnerg.  emitted 11:; thc cmvclope 01 ttlc qu:trtz-idinc  lamp \\'as ~vx111- 
ated by obtaining  the  proditct of the spectral radiancc o f  a l>lncLl>ody and the 
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where N,, in the spectral  radhnce of a  black body at :WK, L the e m i s s i v e  
of the quartz, A the nrca of thc  longitudinal  section, and L:'. the !vavelen@ in- 
crement. The resulting value for the total rsdiance  of the envelope is only 417 
of the value reprted in Reference ti. 

The  investigations  reported  Reference d made u6e of the ratio 

The I m p  was then mounted with its asis in :r llorizonul direction and ro- 
tated ahout a vertical &xis through its ccntor whilc tl\c rlrermopik remained at 
70 cm. The in:ensity oi the tlu !vas nle:lzurecl for rvcry 10 .  while  the  lamp was 
rotated through 180 or  from the position in which one end of the lamp was lo- 
ward tbe detector  until the opposite end pointed to:vard the thcrrnoplle.  These 
data  were plotted on polnr  cwrdlnate  paper and a Rousscau  diagrxm was con- 
structed b! use 01 this g x x p h .  l h c  averagc height o f  the Itousscnu d h t g p m  W:LS 
multiplied by . I '  to O!Jklin the t x a l  power radizrcd iJy liw l u n p  h d l  directions. 

:i. Input Power Vcrsus '1 o b 1  Flu\ Lmitted I,! Lhc L::mp 

The  quartz-iodlne  standard  lamp  used i n  our studies operates  at 3.30 amperes. 
This current was monitored by a rtandard Weston ammeter \lode1 326, So.  3111. 
Thc voltaxe across the lamp was mensurcd by means of n stnndard  Keston volt- 
metw Ilodel 3'71;. ?io. 3113. The prorluct of the two vdur . ;  rave the inpct into rhe 
:amp i n  watts.  Tahle Jl gives the power input into  three  standard lamps and the 
:orresponding pmver outplt of the Sam? lamps as  determined by means of the 
Irgular distribgtion and the Roussexr r l i q r a m ,  assuming that the t!lree standart1 . 
amps have the same  angular  tlistributlon ;!s that m o !  lamp QN-B. 

From  thc  dimensions of the leads and tllc ceramic ring around [he 1c.tils 
md the messured and estmated  temperature  dillcrcnccs, it w:s cst:mated that 
he loss hy unnduction is ahout 0.3 watt. So cstimate hns hcen made in rrFrcl 
o the  energx  loss  Irom the lamp due t n  a i r  convectiol!. 
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4. Dlscussiun of the llcsultv 

The average output of thr three stanckard lamps is 13.6 watts or 1.53% k S S  

than the power input. A s  stated above,  conduction losses  represent only about 
2.59, of this difference. A portion of this  difference  may be due to enerfiv radi- 
ated by !he lamps 3t wavelenbdls  greater  than 20 microns, alU~ougb it most 
likely represents only a fraction of this  tlifferencc. It s quite  probable that the 
greater  portion of this diflcrence  may be due to a loss of encrgy by the lamps 
due to convection currents.  Iiowcver, no evaluation of these  convection  losses 
i s  possible at this  time. 

E. ..\ SEN' STASDARE OF TOTAL 1RRXDl.ASCE 

The Sational Bureau of Standards  has long been  issuing a standard of l o h l  
irmdiance in the  form of :I 50 ir-at1 carbon  filament  lamp. 'The calibration of 
such lamps  can be traced  to  Cdllenz's  original  carbon  filament  standard estab- 
lished  more th.m 50 years asu .  With thc  current  needs  for  shnd;trds of toh l  
irradiance of higher  :ccuracy and greater  intensity, thc N.B.S. recently began to 
provide three  sizes (100 watt, 5OU watt, and 1000  watt) of tungsten  filament 
lamps as standards u l  totxl irradiance  (Ref. 12).  

The  use of thc tungstcn  filamcnt  permits  opcration  at  color  temperatures 
of the order of XOO'I< to 2 G O - K  in contrast to the  color  tcmperatures of 11100'K 
to 2000'K possihle with the earhon-lihment  lamps. 

In operation  the ne\v s tmdards  arc  shielded hy :I speciallx  designed  cxtcrnnl 
triple metal  (:~luminiun)  shield ;tnd triple  shuttrr. I : x h  picce of thc shutter and 
shield is blackened on the sick away from  the  1:mp ;md higill:: polished on the 

'l'hc N.B.S. h a s  now authorized Eppley Laboratories I o  supply thew lamps 
commcrvi:ill>. 

Scconl1ar.v sundard Ianlps.  such as  thosc w!lich h : tw  IJccn c:tliLratetl LD:~ h , 

N.R.S., nntl more rcccn!ly  by the  Eppley  Laboratories. a r c  expensive and have 
only a limitcd useful life. For this  reason  it is desirablr Io  usr thew sccondar). 
standards lor the purpose of calibr:tting  working standards. Nath,m .J . AI Iller 
m d  E. 1. Mohr used :L 1000-watt KBS standard  quartz-iodine  lamp QM-95 to 
calibrate  three 1000-\vntt quartz-iodine  lamps  designated as lamps Qhl-.\, 
Q31-B. and Qhl-C. 'The experimentnl  procedure  used and the  spcctr:tl  irradiance , , 

of thesc  lamps \vas reported in the fin:d  r-rt of thc 1965 Summer  \\orishop 
P r o p u n  (Ref. 13). For a calibration of this type, one ought to use several 
standard  lamps. \ViLh the recent  purchase of two additionxl  1000-watt q u a r V L -  
iodine  secondary  standards, the Planetary Radiations  Blanch has threc  secondary 
shnrlards available  for any future calil~ration of this type. ' 

A.  THEORY O Y  THE SPHERICAL ISTEGRATUR 

'I'hc princlpie o l  spherical 1ntcgr:Ition n a s  proposed I)?. Sumpncr i11 1 % ~  
(Ref. 1 4 ) .  t l *  showed t i n t  if a S(JUI'CC of light  is  placcd  inside :L hollo\v sphere 
which is  cmted internally with a pcrlectly  diffusing  coat, the lunlimnce oi an>- 
portion uf the surface  due to  the l i&t  rctlcctcd  from  the  rcst of rhc sphcrc is 
ever.whcrc the same and is dirrctly  proportional  to the total flus rmittcd I)! the 
sourcc. 

I t  is easy to show (Hel. 15) that  thc  theoretical  expression fur this  relation 
i n  terms 01 the ref lectaxe . ol  the  pcrlcctly  diffusing  coat 01 thc  sphere tvall 
due to * a n  infinitr  nunllwr 01 reflection.;  is Riven by 
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where '1' is the tuh l  racliant t lw reaching  unit area of the spherival  surtacc i +  
renecrion. F the total f l u s  emitted by the source and r the r;ldlui t,l Ule sphere. 
In the der iv%ti~~n of Equntion (T) it is :xxwmcd that is fonsl;wt, h t  thr sur- 
face is a perlect  difluser,  Unt the sphere  is empty .tnd t h ~ !  i t  h:ls 110 pJr:s. \ s  
3 lnatter o f  fact, the rencctancc . of the  contins v:!ries ivirh :\:lvclcn$h. B h e -  
over there is no Iwrfccl tlifluscr su t h i t  L.lmbcrt's  cosine 1 : ) ~  docs nu! hold 
rLccuratcI). lo addition, the sphere I I ~ I S  sources, shields :md port=. all ol v.h.cn 
affect rhc total xldunt llt~x. It has lxen shu\vn h t  the c r ror  introduced into 
the c;&ulated sphere output by UIC finite  sizc oi holes nntl snlnples m:t! IJC as 
much as  5 percent (lid. 16). hlorcover, the spectrol  dcpmlence of the rc-  
flection can modify considcr:lbly the spectral distrihutlon of the flux streannag 
from Lhe port o f  the  sphere ( R c f .  l i ) .  Thus  the  intensir)- is  increased fur wave- 
lengths lor which the reflectance is hi$ m d  decreased  for wavelenphs for which 
the reflccrance is low. In spite of these unce~%linriea one can calibrlte the out- 
put of the  sphere against a b o ~ a  standard for use as  an  absolute calibration 
source. 

B. THE SPHERICAL IKTECIUTOR 

The splerienl integrator of the  Planetary  lladiations  Branch  has a diameter 
of six feet (182.5 cm  inside  diameter). It consists of ttvo hollow fiber-glass 
hemispheres, one of which is mounted on o rigid but niorable framework. .I he 
second hemisphere is hinged to the first and held shut by a latch, tl!us p r m i t -  
ting easy  access  to  the  interior. (Sce Figure 1 .) 

An exit  port, with a diametcr of 6.0 cm is  located  at  the  midpoht of the 
surface of the  stationmy  hcmisphere. Thls port a1lon.s ready  access for the 
calibration ol radiometers in the visible and near  infrared  regions and provides 
a sufficiently large field of view. 

The inside ol the sphere  is  covered with several coats of a  white paint w i t h  
a magnesium carbonate base manufactured by the Ihrch Cu. This  provides a 
satisfactory  dillusing  surface. 

In order to hold to a minilnun1 U k  s1z.c ihc w j w t s  introduced into the 
sphere and also have  some  nicms ol varj-mp tllc intc:isity of the source, twelve 
quartz-iodine  lamps,  rated a: 200 \r.:ttts IXIC!~, >re  IILXIXL?~ inside the sphere. 
'These lamps a r e  evenly spaced ;Lrolip.<: tkc e\:: ;)or1 on :L circle v:ith n radius of 
I ?  inches. Smali tenon shiel!s, x:':":.! :n !:r.l dl L;IC i.tmps, ~TC.L:I I  thc SUX 

[rum  these  lamps  iron1 reaching the pr~ directlx. F i g r e  2 is a view oi UIC. 
mside of the ~ h t i o m r y  hemisphere showing Ule position of thc crit prt sur- 
rounded by the hvelvc lamps. 

.A 3.s cm  diameter hole on top of the splmre, \-;ith a f a n  mounted owr it, 
togcthcr with three  holes of lhe same size in the I)ottom of the sphere provide :l 
continuous flow of a i r  through thc- sphere. 

For a more  complete  description oi the  sphere in terms of ri:c ori,:::d 
psi t ion of pnr t s  and lamps  see  Reference li. 

C .  PO\VER SCPPLT FOR THE  ISTECR.ATOR L.A;\IPS 

The 200-watt quartz-iotlinc  lamps  require a 6 .5  ampere currcct :!: :~,,~IIY>X~- 

m;ttely 31.2 volts. 'I he  lamps :ire operotecl in three banks of four lx,;as e:~:i~. 
?'he lour I m p s  in L Ziven bank :re in series. 
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A switching  nrrangenicnt nlloas any one or all of the lamps in 3 given bank 
to be  turned off. Since  this ~\-oulci r e w l t  i.. :I consiJcr:hlc dccrcasc In lo:ld in 
the given bank, when one of its 1-1r1p.c is  turned  oll, it is replaccd : tL  once l!y an 

. .  
' , .  

. .. 

tivalent load outside of the sphere. This load consists of a par;lllel con1l:ins- 
n of two ten-ampere, 20O-\vntt Ohniite Dividohm Power Reistors locarcrl 111 

control rack so that the dissipated  power  does not contribute t n  thc tnt:il f l u  
the sphere. 

The  circuit  arr:mpement  provides  for  constant  monitoring of the yoltspe 
)p across  each lamp separately. hy means of L true R M S  voltmeter.  The , 

C. output of th i s  meter is fed into a digital  volt-ohmmeter.  whirh nwy br 
Id to four significant  digits.  This  continuous  monitoring of the vol tap  per- 
ts the operator to  nole if and when the resistance of n giver1 lam11 b e ~ n s  to 
mge. Since such a change is ncrompnnied by a change in the lamp output 
I hence its intensity,  the  investigntor knows that  the particular l a m p  must 
replaced b! nn equivalent  lamp i11 order to  keep  the emlttmcc of thc spherp 

IsUnt . 

. .  

" - 

Figure 3 shows the  six-foot  integrator with the lamp power supply mnd the 
tage rnonitoriq  equipmcnt mounted in the rack to the left of the sphere. A 
rkin-Elmer Double-Pass hlunochronintor hlodel 99, with L It; inch integrator 
lched to it in front of the slit,  is shown positioned u1 front of the csit port of 

nochromator is mounted in the rack to the  right of the sphere. 
six-foot integrator. The power  supply  snd  recording  equipment  for  the 

THE SPECTRAL REFLECTANCE OF THE BLqCH SPHERE P.41hT 

The spectral  reflectance of the sphere p a i n t  used in the  preliminary  cali- 
ition oi the sphere \vas obtained by means of a B e c h a n  DK-2.4 spectro- 
dometer and a Beckmm IR-7 spectrophotometer (Ref. 17).  The measurements 
re made by comparing  the  reflectance of the paint with that of freshly smoked 
.gnesiuni  oxidr. The values  iihich were obhined  for the paint seenled rather 
j~ in complr ls~~!i  with tllosc of nla~qwsiunl  oxide. X t  :I later date, !re wcre 
e to remeasure the  reflectance of the paint using diflerenr instruments.  The 
lecunce  ol  the paint 1 . v ~ ~  compared with that of freshly  smoked  mxgnesium 
Lde u1 the rmge 0.2 to 2 . 5  microns by means of a Vary 14 tlouljlc Ijeam spec- 
bphotomcter. For the range 2.5  to 20  microns t he  reflectance of thc paint was 
n p r e d  with a calibrated  aluminunl  mirror a6 3 stclndard 11y mems of n 
ry 90.  T I C  corrcsponding data a r c  given in Tnhle IJJ and plotted in Figure 4. 
e dab is shown only from 0.2 to 2.C) microns  since heyond 3 .0 .  the reflectance 
e s s e n t d l ~  0. 
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Figure 3. Outsadc view of the SIX-foot Integrator. The rock to tho lei? oi the rehcrc co71ctns rh. 
monrtoring equlprnent and power suppl,es l o r  the lamps. The monochromator. w t h  m e  15" sphere 
attached i s  locofed at the exit  port  3f the large sphere. The  rack to the raghr c m t 3 , n s  ?he 
ornpliflcr ond recorder faor the monochromotor. 

I 
E .  RELATIVE SPECTRAL DISTRIBVTIOX OF' THE SPHERE OCTPL-1 

Stnce the integrating effect of the sphere is innuenced by thc spcctral de- 
pendcnce of  the rcflectance,  it is necessary  to  compare  thc  spectrd  tlistrihtiotl 

I of the output with that from a  standard of specrral  rndiancc. Tesrs hxvc shown 
! that  the number of lamps used in the  sphcre  has no effec: on thc spectr:tl  dls- 

tribution of tlie output within the  limits of cspelirncnl:l  nccu~lrcy (Ref. 171, hence 
twelve lamps were used to calibrate the sphere in order to gct P s3tisf~ctory 
flux intensity. 

The  measurements of the  spectml a strhuiton of Ihe sphere were made 
v- i l i t  rl Perkin-Elmer  Double-Pass ?.lmwi:rom;lLor Iluslel 99. The slit ~f the 
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ktcg%tor  r)r trom the 9t;mtl:rrd 1:mF at  id cm,  :itter thc EA v.xs :: ,JXLYI 
the sm:rll sphere. 

L'sing a given slit width oi the nlond1romator and p i n  of d ~ c  wcortlcr ;i 
direct  comparison \vas nladc between thc  total flux which d ~ r  s ~ n u i :  sphere rc- 
ceived fronl d ~ e  sk-foot  uitcqxtor and fronr the stulGxrd lamps ~ h l c h  h x i  been 
used to get rhc relative  rxtinh 2s dcscribcd :111uvc. This \ \as  donc uslng Ihe 
photomultiplier  detector 1P' lb  ;I (  LIIC Iollowing waveicngths: U S ,  u.itr, 0.J:;. 
0.55, 0.150 microns. This pr'!)cedure \vas rcpcated usirtg thr. 13eedex rhcrmocouple 
detector  at  the follrJ\\-in!:\:.;l\'clcn~~gtha: CIA;, 0.9, 1.0, 1.1. 1.2, 1 . 3  microns. 

Let D,.., be the recortlcr dcllcction of the monochromator ar unc of the 
above-mentioned \varclcn$s wncn tllc sural1 spllcrc rccrii-cs flus ~ r - m  thc six- 
f w t  integntor, v l r l  D,",, b e  dcflcction at thc slnw  wvcIen@ when 11 receives 
flus from one of thc standard lamps  placed nt 211 en1 t P J m  the entrmce port. 
Then k,,+ :. D,oA/DlnA is the djsolute ratio of thc flux from the siu-foot ink- 
gntor to ihat of the skndard lamp at  this  wwelength. The absolute ratios for 

to theso absolute ratios kaA. 
wavelengths  measured m a y  ba obtained by norm?Jizing the relarive ratios k,,, 

When the small sphere, mouatcd on thc nlonocllronutor. has  its  entrance 
port l w t a l  at the exit  port of tho slx-foot Lntcgmtor. thc f l u s  incident on the 
entrance port is obviwsly the s m e  flux which is incident on the crrresponding 
portion of the exit port of the six-foot  integrator.  Smce  this f l u x  comcs from 
a l l  parts of the inside  surface of the  integrator hy diffuse reflection. each ele- 
mental area of the inside surface of thc small sphere receives flux from an 
equivalent fnctlonal portion of the  inside  surface of the integrator which is on 
the line of sight throu$ he  port with that of the  small  sphere.  This  means  Qat 
Ute small sphere receives  completely  dilfusc r:rdiation lrom  the  six-loot inte- 
p t o r  . 

In order to  determine the total flux received by the small sphere, one must 
evaluate  it in terms of h e  flux incident at the esit port of the integrator which 
has come from a l l  plrts of UIC diIfusing suriace ot the  integrator. Let Fa;, watts 

spectral  radhtion in tlie normal  direction is F<,,  /-. The  spectral  rxliant flux 
from the dlIfusely reflectkg  surface of the spherical  segment of area d A, which 
is  incident a t  the  effective area of the n i t  port. ant! hence oi the area A of the 
m t m c e  port of the smll sphere  is ! Y ~ A  to 

. . .: I be dilfusely reflected  iuto &e solid angle ?-. Then the diffuse 

Pa,, SF,,, A s in  z d-.. = '>F,,+ A ( 1  - "c's . ) .  L" (1 0) 

.e varies  essentially from 0- to lj0-  t~ecausc of the size of the purt and , 

relltive  positions of thc ports of the two spheres Equation (IO) bcconics 

j diffuse flux Irom thc six-foot  integrator \\'a6 in1a;nted by the. small spherc 
hat the  radiant  emittance :it the exit pori of Fhc small  sphere is givcn hy 
ation ('7) as  

re r I is the radius of the sn~all sphurc w d  , ,, is the spcctrnl  rrllccuncc 
le sphcrc paint.  This flus was viweti 5 ;  the monod?romator. Tlw r :wdtlng 
r d s r  dcflcction Csa,, $'.as proportional  to h e  integr;rted flus W:,, .rind hcnrc 
le spectral  radiant  cmittmce of the  six-foot in tepbr .  

On thc o t ~ c r  hmd when thc  small sphere, mounted on the monocl:rnnr.tar. 
,ives f l ~ ~  from  the standard lonip, it comcs  from  appro:<imatcly ;I I>r>Lqi 

'cc. Lct . I :  ,, \r.atts/st.cr~tli;ln/niicron be the spectral  rldi:rnt, in t rxi ty  (A  
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where A is the area 01 the entrance port of the s m d i  sNere. . 

A s  mentioned  previously,  the flux received hy the small sphere  from  the 
six-foot  integmtor  is  diffuse  radiation.  The flux from UIC s t m d n ~ d  lamp, how- 
ever,  comes  from approximately a point sLJurce and Pills  OII :I relativcly  smnll 
area of the  inside of the smA1 sphere  after which It i s  dXusely rellcctcd. 'Illus 
the flus from the  standard I m p  only beconws  cornprablc tu thc difluse  radia- 
tion  received  from  thc  six-foot intqmtor after il has  Imdergonc :t singlc diffuse 
reflection.  llcnce  the  effective  radiant power from  the  standard  lamp which will 
he integatcd IJY the  small  sphere is obtained h;. multiplying Erm:ltion (14) hy the 
spectral  reflectance of lhe sphere paint . .? 60 that 

This correction  was not made in the  preliminary  results reported previously 
(Ref. 19). This  dfeetivc flus \\-as Integrated by the small ipherc. !Icnc!c L?e 
spcctr31 rad lmt   en : i rhce  at the exit port ol the small sphere \il;ich is t:icivcd 
by the monochromator is found 11y Equation ( 7 )  to IJe 

where r is the radius of the small  sphere. The  corresponding  recorder  de- 
flection Dl ,7J ,  \vas proprtionnl to the emithnce m d  thus to the effectlvt. 
flux I ,  H I , ,  recclvcd  from the lamp  after a sinfie diffuse  reflection. 
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.b stilted before, the monochom:ltor deflections are  ~ruporuoml  LO Ure inter.- 
sity 01 the flux seen by the nlonochromttn if h e  g-xin and the slit \\ idUl are  held 
constnnt. Hence the absolute  ratio ol the recorder  deflections is equal  to the 
ratio given by Equation ( E ) ,  or 

Thus one obtains 

I 

I 

I 

! 

! 
I 

! 

I 

I 

I 
i 

.32 

.R5 

.3i 

.40 

A5 
5 0  
5 5  
.60 
.65 

.i 0 

. i J  
" 

.SO 

.90 
1.03 

1.1 
1.2 
1.3 
1.4 
1.5 

1 .G 
1 .i 
1.6 
1 .!I 
2.0 

2.1 
2.2 
2 . :1 
2 ..I 
2.5 

2.5 
2.7 

L 

2 2 0 2  
5.05: 
7 . G l  

I:;.(;; 

27.19 
45.45 
GG.01 
Ai.50 

105.0 

124.6 
136.9 
144.3 
149.9 
14G.8 

199.2 
126.4 
11.;.1 
101.3 
90.06 

7S.9G 
69.09 
m.01 
51.94 
44.91 

39.23 
3 I" 

30.39 
. , I  

1 i . 9 5  
2 5 5 4  
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1 7 . 4 1  
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I 

I 



! 

.x.;  

I 3 6 3  
20.d 
19.1 

6.52 
5.32 

4.77 
3 .  Y2 
1.73 
1.05 

I 

.6GS 

! ,232 
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IV. CONCLL.SIOSS 

Several small area energIi sources w r c  found to he useful lahoraton  cal- 
ration sources. These include  the hlackhody, rhe quartz-iodine lamp, !he strip 
lament  lamp, and a tungsten  lamp  heiny used to rrplacc the carbon  filnment 
JT. 

The blackbody is obviously the Ideal sm-+Il area smrce ,  since the radiant 
:erLT ma)- he determined provided its 1cmper:iturc. aperture, and emissivity 
-e knour~~. The two blackbodies which \ w r e  used i n  this  Inboratory had a nlns- 
'lum operating  temperature of IONJ~C. I t  !vas iouvl that i t  anula have been 
,sirable to hnvc x !  o w r a t i w  temperature ivhich i.. consideruble hishc r than 
is {or some of our npplications. It  also bccarnt. r!car 1ha: a complctcl!. 
Itisfactory blackbody must be provided with a xle?g.+ of maintainiq the facr 
ate innd aperture) at arnhient !c.mperature. 

Although the blackbody is the idcal s m a l l  awn energy S-JII~CC, it ha:: prover1 
he much more convenient to use the tucstcn s t r i p  fi!amcn! inmp or  tiw morc 

,cently developed cpwti-iodine Inr?.~, for 7or~::~i usc r ~ s  smdl  area saurc+? oI  
ecrral  irradiance. The irradiance of :hese lamps has been determined di- 
ctly or indirectly by comparison with rhe l~larki~ocl:;. Since the S.B.S. c l ih rn-  
In covers 011ly tbe spcctrnl r.m:.: l-.:.:! 0.25 to 2:; Ticrons. it rrls fo:lr:d ,!v- 
rahle tu edend th is  calibration tu ;.G r m c r ' J z  il! !:IC case of tbr h:rrr;tcn ;!rip 
ament lamp and the quartz-iodin? i lmps  hy methods descrilwd ah<1v?. F u ! x r  
3ns call for a n  e.x!ensivn of the spectral irrvJinnce ealiSration ton.1r.1 s!IT.?; 
welengths for use i n  thc vacuum ultraviole!. 

For  some  applications, it is n c c r s n n  to usr a st3nc'a:rl of to!?! i r ~ " !  ?' .:*'. 
1 i l L  the blzckbody woul{i  be t h ?  I d w 1  so:Ircc of total  irradirmce, the, WJV. 
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